Very low entry barriers and an exceptionally high degree of competition characterize the market for mobile applications. In such an environment one of the critical issues is how to attract the attention of users. Practitioners and developers are well aware that managing app updates (i.e., releasing new versions of an existing app) is critical to increase app visibility and to keep users engaged, disguising a hidden strategy to stimulate downloads. We use unbalanced panel data with characteristics for the top 1,000 apps on iTunes and Google Play stores, for five European countries, to empirically investigate publishers' strategies concerning the release of updates. We find that only in the case of iTunes updates boost downloads and are more likely to be released when the app is experiencing poor performance. We interpret this finding as evidence that the lack of quality control by Google Play leads to an excess of updating of Android apps.
INTRODUCTION
The market for mobile applications is one of the most dynamic segments in today's economy. In June 2016, more than 5 million apps were available on the various stores, which include Apple's iTunes, Android's Google Play and Microsoft's Windows Store. The growth in the number of available apps * An extensive version of this paper is available as [3] .
has been accompanied by an exponential increase in downloads. According to Statista.com, the cumulative number of apps downloaded from iTunes from July 2008 to June 2016 was about 130 billion. Also, in terms of the number of developers and publishers involved in the app market, figures are quite impressive. As stated by Priori (2014), in February 2014 more than 600 thousand developers published at least one app on iTunes or Google Play. Indeed, producing and distributing a mobile application for a developer is relatively easy as it requires a small amount of investment to produce computer software.
The market for mobile apps is therefore characterized on the one hand by a fast growing demand from users and on the other by low entry costs, a large number of apps and developers, and high turnover rates. For these reasons the app market has been defined as a "hypercompetitive" marketplace where developers struggle to attract adopters [4] . In this dynamic context, with several million apps available for download, one of the most challenging problems faced by developers is to catch the attention of users [1] .
In order to improve app visibility, stores created the socalled "top-ranked" apps charts, listing the most popular applications. Several scholars have shown that such charts promote the matching between users and developers with top-ranked apps enjoying a remarkable boost in downloads [2, 6, 7, 5] . In turn, top ranked-charts exacerbate another feature characterizing app markets: the skewness of the distribution of downloads. According to www.appbrain.com, on Google Play about 1 million apps out of 1.4 million have less than one thousand downloads each, while by comparison just thirteen thousand apps have more than one million downloads. Being in the top positions guarantees success. Therefore, the distribution of downloads is extremely skewed to the right with only a small fraction of applications capturing most of the market. This feature is confirmed in our data as highlighted in Figure 1 , which displays the distribution of downloads for the top 100 apps in Germany for iTunes and Google Play; the two diagrams show the average number of downloads for each decile of the distribution. In the case of Google Play, for instance, the average number of monthly downloads of apps of the first decile is 436,674, which is twice the average number of monthly downloads of apps in the second decile (214,594) and about eight times more than the downloads of tenth decile (58,690).
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. To climb the top-ranked charts and to improve the visibility of their apps, publishers and developers look for any possible marketing and pricing strategy. In this article we focus on a very specific strategy that developers may exploit to attract users' attention: the release of frequent updates.
Our data-set confirms that both on iTunes and on Google Play updates are released with an extremely high frequency: Google Play apps are updated on average every 13 days, while those on iTunes every 58 days. A more exhaustive way of presenting differences in updates by stores is by plotting the hazard function. In Figure 2 we display the estimated hazard function for updates by store, with months on the horizontal axes. We see clearly that Google Play apps are more likely to be updated than iTunes apps, i.e. each app version in Google Play tends to be of younger age. The difference is striking, as highlighted by the different domains for the two stores. Continuous updates is not a surprising feature, as it is widely recognized that by releasing updates developers stimulate user's interest. Usually, developers promote the new versions of their products on blogs, social networks or simply in the "What's new" section of the app store and this stimulates app visibility and, via this channel, sales. We analyze the strategy of releasing frequent updates by exploiting the differences across the two main app stores, iTunes and Google Play. Interestingly, the two stores follow different policies regarding the publication of apps and updates; while Apple has adopted very strict guidelines and closely monitors the release of new apps and updates to avoid low quality apps being uploaded on iTunes, on Google Play apps can be published with a "simple click of the mouse" and without a quality-check control. As a matter of fact Google Play apps are often criticized for their poor quality.
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In this paper, we provide intuition of a stylized theoretical model which investigates the developer's decision about whether to update her mobile application. 2 We then summarize the results of the empirical analysis based on an unbalanced panel with characteristics on the top 1,000 apps on iTunes and Google Play stores for five European countries; the analysis aims at empirically testing the predictions we derive from the theoretical model.
The main result from our paper is that the difference in quality control between iTunes and Google Play have implications on developers' decision to update their app and on their app performance.
Our paper fits into an emerging literature focussing on app updates. [11] surveyed 690 individuals (among developers and users) in order to study the specific release strategies followed by app publishers. [9] and [10] focus on updates in Google Play and Windows Phone app stores. They find that 40% of the releases in Google Play and 55% of the releases in Windows Phone have an impact on app performance, measured in terms of rating, ratings counts and download rank. Interestingly, the authors also find that the release text content matters. Updates highlighting new features (rather than bug fixes) are found to be more likely to impact positively on app performance.
The paper is organized as follows. In Section 2, we present the data and some descriptive statistics. Section 3 discusses the theoretical framework presenting a simple numerical example. The results of the empirical investigation are discussed in Section 4. Section 5 concludes.
THE DATA
In the analysis, we use monthly data on the 1,000 most downloaded apps in Germany, France, Italy, Spain, and the UK. Data was obtained from the Berlin-based consulting analytics Priori; the period of observation is September 2013-February 2014.
The dataset contains information on the following variables: name of the app, name of the publisher, app monthly and overall number of downloads by country, average customer rating of the app (scale from 1 to 5), the number of times the app was rated by users, the date of release of the app on the store, the cumulated number of versions (updates) of the app, the price of the app, whether the app has the in-app purchase option (0 − 1 variable) and, finally, whether an app is "local" (0 − 1 variable).
For iTunes apps we complemented the data provided by Priori, recording information available on the App Annie web site (see www.appannie.com). This additional information includes: type of updates distinguishing between major updates (new versions of the software with significant jumps in the functionalities) and minor ones (new versions that fix bugs to avoid crashing), 5 the type of compatibility (Universal apps, apps for iPad only, for iPhone ...), the size of the app code as of May 2014 (data collection period), the age restrictions (4+, 9+, 12+, 17+) and whether the app was available in the language of the country or not. We also classified iTunes apps into "corporate apps" or not, where corporate apps are the apps representing an additional distribution channel (e.g. airlines or banking apps, newspaper or TV network apps etc.) or a tool aimed at spreading information about the services supplied by a company.
With only the exception of downloads (and ranking), all the available information is country invariant. For this reason we aggregate the data; hence, monthly downloads (and the growth in downloads) are the sum of the downloads in the five European countries in a given month. Summary statistics for the two stores are provided in Table 1 . 6 It is interesting to note that:
-most of the top apps are free of charge. This is the case of nearly all Google Play apps and of more than 90% of the apps in iTunes.
-For a significant share of apps the in-app purchase option is available. This occurs for 29.7% of the cases in Google Play and for 56.1% in iTunes.
-Apps in both stores have a quite large user rating (above 4 out of 5). This observation is rather unsurprising provided that we are focussing on the most successful apps. The number of times an app has been rated is larger in Google Play (the figure is about twice as big as in iTunes).
-On average, apps in iTunes are older than in Google Play: 19 months compared to 15.
-Apps are updated very frequently in both stores. On average in Google Play apps are updated about 33 times since their publication, while this figure reduces to about 10 in iTunes.
-Downloads are much higher in Google Play than in iTunes, with Google Play apps on average downloaded nearly five times more than iTunes apps (249,803 compared with 58,156).
-Roughly 35% of apps generate at least 40% of their revenues in one country, i.e. they are local (similar figure in both stores). 5 We were able to collect this information by looking at the three-digit code of the various versions. Programmers assign a unique three-digit number to each new version of the software. So, for example, version 2.12.4 means that there have been two major updates and sixteen minor ones (12+4). 6 Since in several cases, the same app appears in the top 1,000 in more than one country in a given month, from the original 30,000 observations per store (1,000 apps, during 6 months, in 5 countries) we are left with 15,983 observations for Google Play, and 14,755 for iTunes.
-On average, in Google Play, a single developer distributes about 3 top-ranked apps. The figure for iTunes is 3.5.
-On average, an app enters the top-1,000 ranking in about 2 out of 5 countries in both stores (1.876 in Google Play and 2.030 in iTunes).
-In iTunes, about 2 out of 10 updates are major updates.
Our data confirms a couple of features that have already been found in the literature [1] : i) downloads exhibit an extremely skewed distribution, with top apps accounting for a large fraction of total downloads, and ii) large turnover/churn, with few applications which succeed in staying in the top 1,000 list in all the six months of observation. Regarding feature i), we have already shown Figure 1 the distribution of downloads for the top 100 apps in Germany for iTunes and Google Play; the distribution of downloads in the other countries of the sample is very similar.
Where feature ii) is concerned, Table 2 displays the high level of turnover that characterizes iTunes. The overall number of different apps that we observe during the sixmonth period in the five countries is 10,986;
7 18.24% of these apps are observed every month (indicated in the table with "All months"). However, a substantial percentage (about 44%) of apps appear only in one month. The level of turnover is even larger in Google Play (table not reported). For the Android store, the overall number of applications that we observe increases to 13,034 and the share of apps that appears only one month is about 50%.
Another way of looking at turnover is through the volatility of app performance. Figure 3 focuses on apps that appear only once in our six-month period of observation; more specifically, the figure focusses on iTunes apps in Germany, 8 and shows the ranking of apps (grouped into groups of twenty) that entered the top 1,000 for only one month (and were not listed before or after that month). 9 We observe that the distribution is highly concentrated on high values of the ranking especially in position between 800 and 1,000). This evidence reinforces the observation app performance can be highly volatile and characterized by huge jumps in downloads.
A SIMPLE THEORETICAL MODEL
In [3] we develop a very stylized theoretical framework aimed at providing the main intuition for our econometric analysis. The theoretical model incorporates three important features characterizing the app economy. First, given the huge number of available apps, performance (both in terms of downloads and usage) depends not only on the technical quality of the software code and on its ability to meet user needs but also on the ability of publishers to make their apps visible, to stimulate "buzz" surrounding their apps. The second feature of the model is based on the evidence 7 The minimum number of apps we could have observed in our sample is 1,000 (if the top 1,000 apps are the same in the five countries during the whole period) while the maximum is 30,000 (if the top 1,000 apps change every month and are different in the five countries under observation). 8 We obtained similar diagrams for the apps of the other countries and the patterns were similar. 9 Figure 3 was obtained by dropping the initial and last month of observation in order to spot apps that truly entered the top 1,000 ranking only once. that, as discussed, performance is highly skewed with a limited number of apps able to capture most of the returns.
Finally, in the model we assume that the release of an update stimulates the "buzz" surrounding the app: bloggers, social networks and users are more likely to be attracted by an app, and therefore to comment on, when a new version is available for download. Note, however, that this increase in buzz does not necessarily translate into positive comments; as a matter of fact, users and experts might not welcome the changes made in the software and this may induce them to criticize the update, thus generating what we define as negative buzz. Formally, we assume that the release of the new version of the software increases the buzz surrounding the app and, at the same time, it makes more uncertain how the app is perceived by users.
We use the theoretical model to derive a series of testable predictions; the following numerical example provides the intuition of the model. App performance depends on the perceived quality of the app, which, in turn, is affected by the intrinsic/technical quality of the software code as well as by the buzz surrounding it. App returns are highly skewed: they can be very low or very large depending on the ability of the developer to hit certain thresholds in app perceived quality. Formally, app returns are 0 if the app perceived quality is below the threshold of 75, while they equal 1, 000 in the case the perceived quality is larger than 75. The perceived quality of the app is not deterministic and it is affected by the buzz. Let us assume that the current version of the software turns out to have a high perceived quality equal to 100 with probability 1/2 and a low perceived quality equal to 60 with complementary probability. If the developer decides to release a new version of the software the buzz surrounding the app is larger and the perceived quality more uncertain. Specifically, let us assume that the perceived quality of the update is:
⎧ ⎨ ⎩ 120 with probability 1/4 80 with probability 1/2 0 with probability 1/4
Comparing the two versions of the software, it turns out that the current one has a higher expected perceived quality, 80 compared to 70. However, only the high realizations of the perceived quality matter provided that low realizations yield no returns. Hence, the developer prefers to release an update given that the 1, 000 in returns will materialize with probability 3/4 (the probability that the perceived quality is, at least, 75) while they materialize with probability 1/2 without the update. In other words, the developer finds it profitable to update their app even though the new version of the software has a smaller expected perceived quality.
The model suggests that, given the peculiar features of the app market, publishers might have incentives to release new versions of their app even if they offer little/no improvement to the technical/intrinsic quality of the software. The release of a low quality update is more likely to take place when the current version of the software is expected to have a worsening in its performance. In this case, the publisher knows that with a large probability low returns will be generated and, therefore, she/he has all the incentive to update the app in an attempt to revive it. This "bet for resurrection' strategy" is more likely to be feasible for developers operating in Google Play (compared to those operating in iTunes) where there is no quality control and where, therefore, also low-quality updates can be released.
EMPIRICAL MODEL AND RESULTS
The main message of the model is that the differences in quality control between iTunes and Google Play may have important consequences on developers' decisions to update their apps and on the effects of such decisions on performance. We use our data to test the predictions of the theoretical analysis; in our empirical analysis, we approximate app performance with downloads. Figure 4 provides a preliminary picture of the evidence of the different role of updates in stimulating downloads in Google Play and in iTunes. The figure shows the kernel density of the growth in downloads in the two stores distinguishing between updated and non-updated apps. 10 Interestingly, in Google Play the two density functions nearly perfectly overlap; this suggests that updated and non-updated apps perform very similarly in terms of downloads. On the contrary, in iTunes the density function of non-updated apps is more asymmetric to the left and concentrated on negative values of the growth rate of downloads. Hence, updates seem to improve app performance in iTunes, while they have no substantial impact in Google Play. In order to better understand the role of updates, for each store separately, in [3] we study the dynamics of the rate of growth of downloads (g) and of the decision to release an update (u). Our econometric specification is, therefore, made of two equations: the growth equation, where we study the determinants of download growth, and the update equation, where we study the determinants of the release of updates. Specifically, the equations are modeled as a linear autoregressive processes of lag 1 and in the estimations we take the first differences in order to eliminate app unobserved heterogeneity, which may be correlated with the lagged dependent variable and the contemporaneous outcome of the app update. Thus in our estimates we regress the following econometric simultaneous equations:
where τ indicates a function of time; the vector x includes a set of control variables, and the last term, ε, is the idiosyncratic error term. We tackle the endogeneity of Δg j,t−1 , Δujt and Δuj,t−1, by selecting a set of instruments that exploit the time series dimension of the panel and the fact that a sizeable number of developers distribute several apps in the top 1,000 ranking. The selected instruments are tested for their relevance and validity. As regards the growth equation, we find that the release of an update positively affects downloads in iTunes while it has no significant impact in Google Play.
11 This result confirms the preliminary evidence shown in Figure 4 . We interpret this finding in terms of the institutional differences characterizing the two stores. As argued, only in iTunes there is a strict quality check for apps and updates. Therefore, the absence of a significant impact of updates in Google Play might be due to the fact that in this store both high and low-quality updates get published so that the overall effect on downloads is not significant.
We also find that, similar to the evidence shown in [8] , the growth rate of downloads increases with the number of other applications by the same developer. We refer to this as "portfolio effects", which we interpret as a signal of developers' ability to exploit the presence of complementarities among apps.
As regards the update equation, our theoretical analysis suggests that an important determinant of the developers' decision to release a new version of an app is its past performance: an update is more likely to be released when the developer observes a worsening of the performance of the current app. In the estimations we measure the past performance of an app in terms of lagged growth rate of downloads. Our data confirm this prediction only for iTunes apps; for Google Play, the past performance does not have an impact on the decision to release an update. Again, we interpret this difference between the two stores on the basis of the difference in quality control between iTunes and Google Play. Since iTunes apps must pass a quite severe quality control, developers are less free to publish updates: developers who have written an update may therefore decide to delay publication until it is really necessary, i.e. when the performance of the app worsens it triggers a response to counter the drop in downloads. In contrast, on Google Play, developers can publish apps any time they want with a simple click of the mouse. In this environment, updates are continuously published, thus diluting the impact of past performance on the decision to release a new version of the app.
For iTunes apps, we have been able to distinguish between major (i.e. significant changes in functionalities) and minor updates (i.e. bug fixing and minor changes to the software code). Therefore, we run separate regressions of both the growth and the update equations distinguishing between major and minor updates. We find that both types of updates positively impact the growth rate of downloads; at the same time, we find that the worsening of app performance increases the likelihood of releasing minor updates only. This finding suggests that minor updates are better suited to be used as a strategic tool to counter poor past performances. The results of these estimates are available in the full version of the paper [3] 
CONCLUSION
App developers release new versions of their mobile applications with an extremely high frequency. In this paper, we focus on app updates and present a stylised model describing the determinants of the decision to release a new version of the software; our analysis suggests that updates might be published strategically in order to revive apps and stimulate the buzz surrounding them. An interesting insight of our theoretical framework is that when an app experiences very poor performance, a developer might be tempted to release even a low quality update, in the hope of reversing the trend.
The discussion of an empirical analysis undertaken in [3] has shown that updates play a quite different role in stimulating downloads on iTunes than do on Google Play: while in the former updates boost downloads, their effect is not significant in the latter. These results are consistent with our conjecture, that the lack of a quality check on Google Play can cause a phenomenon of too frequent updating: developers release both high and low quality updates, which, on average, do not impact downloads.
